Smooth muscle tropomyosin coiled-coil dimers. Subunit composition, assembly, and end-to-end interaction.
Subunits of gizzard smooth muscle tropomyosin, dissociated by guanidinium chloride and reassociated by high salt dialysis, form a 1:1 mixture of the beta beta and gamma gamma homodimers (Graceffa, P. (1989) Biochemistry 28, 1282-1287). The homodimers have now been separated by anion-exchange chromatography and native gel electrophoresis, enabling us to show that the native protein is composed of more than 90% heterodimer. The in vitro equilibrium distribution of heterodimer and homodimers, at close to physiological temperature and ionic conditions, was calculated from thermal unfolding profiles of separated homodimers and heterodimer, as monitored by circular dichroism. The results, for an equal proportion of beta and gamma chains, indicate a predominant formation of heterodimer via chain dissociation and chain exchange, although the proportion of heterodimer was much less than the 90-100% found in the native protein. However, the proportion of heterodimer for actin-bound tropomyosin, determined by analyzing tropomyosin sedimented with actin, was greater than 90%, which may provide a model for assembly in vivo. The end-to-end interactions of the homodimers are about the same but are much less than that of the native heterodimer, as determined by viscometry. The greater end-to-end interaction of heterodimers may lead to stronger binding to actin compared to homodimers and thus would further shift the equilibrium between heterodimer and homodimers toward heterodimer and possibly account for the almost exclusive population of heterodimer in the presence of actin. The greater end-to-end interaction of the heterodimer may also provide a functional advantage for its preferred assembly. This study also shows that the two-step thermal unfolding of the homodimer mixture is due to the formation of heterodimer via an intermediate which is a new type of tropomyosin species which forms a gel in low salt. This tropomyosin is also present in small amounts in native tropomyosin preparations.